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Objective: To construct and optimize a neural network that is capable of predicting the 
  occurrence of recurrent aphthous ulceration (RAU) based on a set of appropriate input data.
Participants and methods: Artificial neural networks (ANN) software employing genetic 
algorithms to optimize the architecture neural networks was used. Input and output data of 
86 participants (predisposing factors and status of the participants with regards to recurrent 
aphthous ulceration) were used to construct and train the neural networks. The optimized neural 
networks were then tested using untrained data of a further 10 participants.
Results: The optimized neural network, which produced the most accurate predictions for the 
presence or absence of recurrent aphthous ulceration was found to employ: gender, hematological 
(with or without ferritin) and mycological data of the participants, frequency of tooth brushing, 
and consumption of vegetables and fruits.
Conclusions: Factors appearing to be related to recurrent aphthous ulceration and appropriate 
for use as input data to construct ANNs that predict recurrent aphthous ulceration were found 
to include the following: gender, hemoglobin, serum vitamin B12, serum ferritin, red cell 
folate, salivary candidal colony count, frequency of tooth brushing, and the number of fruits 
or vegetables consumed daily.
Keywords: artifical neural networks, recurrent, aphthous ulceration, ulcer
Recurrent aphthous ulceration
Recurrent aphthous ulceration (RAU) affects healthy as well as medically-compromised 
people. Aphthous ulcers are painful, shallow, and usually covered with a grayish white 
pseudomembrane that is surrounded by an erythematous margin.1
Although the clinical characteristics of RAU are well defined, the precise etiology 
remains unclear, and therefore the term “idiopathic” is widely used.2 Nevertheless, 
a number of predisposing factors have been linked to a minority of patients. A genetic 
background has been found for some RAU patients; those having positive family 
history for oral ulcerations have shown an increased frequency of human leukocyte 
antigen (HLA) types A2, A11, B12, and DR2.2
Dietary patterns could be playing a role in the pathogenesis, either by causing hyper-
sensitivity or by deficiency of some vitamins, proteins, or minerals.3 Results of recent 
studies implicate cows milk in the etiology of RAU.4–6 Recurrent aphthous-like ulcers 
are seen as oral manifestations of hematinic deficiencies of vitamin B1, B2, B6, B12, 
folic acid, or iron.2 While some researchers found a significant relationship between 
vitamin B12 deficiency and RAU, it was also found that hemoglobin level and serum 
levels of folic acid and ferritin did not have a statistically significant effect on RAU.1 Advances and Applications in Bioinformatics and Chemistry 2010:3 
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Some researchers noticed that RAU patients ate acidic foods 
like oranges and lemons more frequently than participants in 
a control group.3 Food allergies including chocolate, cheese, 
gluten, cinnamaldehyde, methyl methacrylate, mercury, 
wheat flour, tomatoes, peanuts, and strawberries might be 
responsible for the onset of oral ulcers.2,7–9
A minority of patients may be predisposed to aphthous-
like ulcers by systemic conditions or diseases.10 Gender seems 
to be unrelated to the occurrence of RAU,1 however, patients 
affected by RAU are usually nonsmokers.2
Based on knowledge of the aforementioned predisposing 
factors, the diagnosis of RAU can be established by obtain-
ing a proper history that confirms recurrence and excludes 
trauma as a predisposing factor. The clinical features of 
RAU are also important tools in establishing the diagnosis. 
RAU can appear in one of three forms: minor, major, and 
herpetiform.11,12
Artificial neural networks (ANN) is an example of an 
intelligent data analysis tool and is claimed to be superior 
to classic regression.13,14 ANNs function in much the same 
way as neurons in the brain, which have the capability of 
acquiring, storing, and utilizing experiential knowledge.15,16 
An ANN consists of an interconnected group of artificial 
neurons that process information using a connectionist 
approach to computation. It is an adaptive system that 
changes the values of some constants related to certain input 
data based on their effect on the output data.15,16
Genetic algorithms (GAs) are based on the triangle of 
genetic reproduction, evaluation, and selection.17 Genetic 
reproduction is performed by means of two basic genetic 
operators: crossover and mutation. Evaluation is performed 
by means of the fitness function, which is dependent on the 
specific problem. Selection is the mechanism that selects 
parent individuals with probability proportional to their 
relative fitness. Some genetic algorithms (like the one used 
in this work) consist of the following steps: Initialization. 
An initial population comprising a number of individuals is 
randomly generated in this phase. Evaluation. The fitness, 
a positive measure of quality used as a measure to reflect 
the degree of goodness of the individual, is calculated for 
each individual in the population. Selection. Individuals 
are chosen from the current population to enter a mating 
pool devoted to the creation of new individuals for the 
next generation such that the chance of a given individual 
to be selected to mate is proportional to its relative fitness. 
This means that best individuals produce more copies in 
subsequent generations so that their desirable traits may be 
passed onto their offspring. This step ensures that the overall 
quality of the population increases from one generation to 
the next. Crossover. Provides the means by which valuable 
information is shared among the population. It combines 
the features of two parent individuals to form two children 
individuals who may have new patterns compared to those 
of their parents. Crossover also plays a central role in GAs. 
Mutation. Often introduced to guard against premature con-
vergence. Generally, over a period of several generations, the 
gene pool tends to become more and more homogeneous. The 
purpose of mutation is to introduce occasional perturbations 
to the parameters to maintain genetic diversity within the 
population. Replacement. After generating the offspring’s 
population through the application of the genetic operators 
to the parents’ population, the parents’ population is totally 
replaced by the offspring’s population. This is known as 
non-overlapping, generational replacement. This completes 
the “life cycle” of the population. Termination. The GA is 
terminated when some convergence criterion is met. Possible 
convergence criteria are: the fitness of the best individual so 
far found exceeds a threshold value, or the maximum number 
of generations is reached. After terminating the algorithm, 
the optimal solution of the problem is the best individual 
so far found. The block diagram of the genetic algorithm is 
given in Figure 1.
The parameters that are optimized using the genetic 
algorithm are the number of layers, the number of neurons, 
and the corresponding weights during the training phase. The 













Figure 1 Diagram of the steps of genetic algorithms.Advances and Applications in Bioinformatics and Chemistry 2010:3 
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desired output and the overall error rate is minimized through-
out the evolution process of the genetic algorithm.18
ANN was originally used in medicine to investigate 
the causality of a number of diseases and it was found to 
have relatively high accuracy.19–23 Some researchers used 
ANN to diagnose celiac disease based on the occurrence 
of oral lesions including RAU.24 Others used it to predict 
survival rates of cancer patients undergoing esophagus and 
esophagogastric junction resections,25 to predict relapse in 
breast cancer patients,26 to predict lymph node metastasis 
in gastric cancer,27 to diagnose and predict survival of 
patients with colon cancer,28 to predict radiation-induced 
liver disease,29 and to study pancreatic cancer.21 Despite 
the promising medical applications of ANN, its use in oral 
medicine is still limited and is mainly focused on oral cancer 
and precancer.30–35
The aim in this study was to find the predisposing factors 
suitable for constructing artificial neural networks capable 
of predicting the occurrence of RAU.
Participants and method
Participants
All ninety six participants included in this study were patients 
attending the Orthodontics clinic in the Dental Department 
at The University of Jordan Hospital. Patients were first-time 
attendees seeking orthodontic treatment for mild to moderate 
malocclusion. Participants included in this study reported 
a medical history free of any disease except for common 
infectious diseases like flu or common colds and had no 
oral or dental pathologies. The 96 patients in this study were 
divided into two groups. Group 1 consisted of 86 patients for 
the construction phase of the ANNs and group 2 consisted 
of 10 patients for the reproduction (prediction) phase of the 
study.
Method
Patients were asked to fill out a questionnaire containing 
items concerning: oral hygiene habits (tooth brushing, use of 
mouth wash, and use of dental floss), nutritional habits (daily 
consumption of fresh fruits and vegetables), and history of 
recurrent nontraumatic oral ulceration.
All patients were investigated for complete blood count, 
serum vitamin B12, serum ferritin, and red cell folate. Blood 
samples for complete blood count and red cell folate were 
collected in ETDA tubes. Blood samples for ferritin and 
B12 were collected in plain tubes. All tests were analyzed in 
batch samples at the University of Jordan Hospital Clinical 
Laboratories.
A sample of saliva was collected from each patient. 
Patients were instructed to expectorate all saliva in a sterile 
container for a period of 5 minutes; additionally, they were 
asked not to eat or drink for at least 1 hour prior to the 
procedure. Salivary samples were cultured within 2 hours 
of collection on Sabouraud glucose agar plates using the 
streaking method, and incubated at 35°C for 24–48 hours. All 
yeast-like colonies were recorded and identified if they were 
Candida or budding yeast cells by using wet preparations, 
ChromCandida agar, and RapID Yeast Plus Systems for Yeast 
Species (Remel, KS, USA).
The software used to construct the ANNs employed genetic 
algorithms for network optimization. The population size was 
set to 50 ie, generations were patches of 50 ANNs. When the 
fitness of a certain individual (certain ANN configuration) is 
less than 100%, the operation proceeds to the next generation 
where another patch of 50 ANNs are produced and so on until 
at least one ANN is produced with a fitness of 100%.18
Nine ANNs were constructed. For each network, 
different group of predisposing factors were used as input 
data as detailed below. Output data was always the same 
for the networks and described the presence (expressed as 
1) or absence (expressed as 2) of oral ulceration for each 
participant.
Input data (predisposing factors) for each network were 
as follows:
Network 1: Gender, hemoglobin, serum vitamin B12, 
serum ferritin, red cell folate, salivary candidal colony count, 
frequency of tooth brushing and flossing daily, frequency 
of using mouth wash weekly, and the number of fruit and 
vegetables consumed daily.
Network 2: Gender, hematological, and mycological 
results.
Network 3: Gender, hematological, and mycological 
results, tooth brushing, and consumption of fresh fruits and 
vegetables.
Network 4: Gender and hematological results.
Network 5: As network 3 but without gender.
Network 6: As network 3 but without the data for 
  hemoglobin.
Network  7: As  network  3  but  without  the  data 
for vitamin B12.
Network 8: As network 3 but without the data for 
ferritin.
Network 9: As network 3 but without the data for red 
cell folate.
All networks were designed and constructed based on 
GA optimization.Advances and Applications in Bioinformatics and Chemistry 2010:3 10
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Following the construction phase of the networks, the 
output was reproduced (network output) and the network 
was trained on input and output data until the deviation of the 
network output from the actual output was very small.
In the final phase, each network was used to obtain pre-
dictions of the RAU status of patients in group 2 using the 
input data of the patients in that group.
Network predictions that were less than 1.5 were con-
sidered equivalent to 1, indicating presence of RAU. If 
the network prediction was 1.5 or more, it was considered 
equivalent to 2, indicating absence of RAU.
Statistical tests of significance
Statistical tests of significance were used to explore statisti-
cally significant differences in: gender, hemoglobin, vitamin 
B12, ferritin, red cell folate, or candidal colonies count or 
oral hygiene and dietary habits between the group with RAU 
and the group without RAU (Table 2).
Ethical committee approval (by the University of Jordan 
Hospital) was obtained to carry out this study. All participants 
(or their guardians when required) signed a consent form to 
participate in this study.
Results
Table 1 displays the predictions of the nine networks for 
patients in group 2. Networks 3 and 8 produced the most 
accurate predictions. Networks 5 and 7 produced the least 
accurate predictions.
Accuracy of predictions with networks 3 and 8 were 90%, 
with networks 4, 6, and 9 it was 80%, with networks 1 and 7 
it was 70%, and with networks 2 and 5 it was 60%.
Table 2 displays the results of statistical tests of signifi-
cance. At a 95% confidence interval, participants with RAU 
were not significantly different when compared with those 
without RAU regarding all possible predisposing factors.
Discussion
Little work has been done on the use of artificial intelligence 
to predict diseases. This study is the first to utilize ANN for 
the prediction of this rather unclear entity of diseases termed 
RAU. Although a number of factors have been linked to 
RAU,2,3 it can be considered an idiopathic disease with an 
unknown etiology in most cases.2
While ordinary statistical tests of significance could not 
detect significant differences in the possible predisposing factors 
between participants who were affected by RAU and those who 
Table 1 Accuracy of predictions made by the different networks to the status of RAU in patients of group 2
RAU status in patients  
in group 2 (1= RAU,  
2 = no RAU)
Network predictions
Net 1 Net 2 Net 3 Net 4 Net 5 Net 6 Net  Net  Net 
2 1.38 1.99 1.99 1.05 2 2 1.21 2 1
2 1.17 1 2 1.99 1 1.33 1.99 2 2
2 1 2 2 2 2 2 1.99 2 2
2 1.96 2 2 2 1 1.98 1.96 2 2
2 2 2 2 2 2 2 1.16 2 2
1 1.04 2 2 2 2 2 1.96 2 2
2 1.97 1.01 1.96 2 2 2 2 2 1.79
2 2 1 2 2 1 2 2 2 2
2 1.99 2 2 2 2 2 2 2 2
2 2 2 2 2 2 2 2 2 2
Accuracy of predictions 70% 60% 90% 80% 60% 80% 70% 90% 80%
Note: Errors in predictions are marked in red and underlined.
Abbreviation: RAU, recurrent aphthous ulceration.
Table 2 Results of tests of significance to differences in gender, 
hematology, and colonies counts between participants with and 
without RAU
Factor P value and significance Test
Gender 0.8 ns* Mann–Whitney
B12 0.16 ns* Unpaired t-test
Ferritin 0.92 ns* Unpaired t-test
Folate 0.73 ns* Unpaired t-test
Hemoglobin 0.2 ns* Unpaired t-test
Colony count 0.6 ns* Unpaired t-test
Brushing 0.5 ns* Unpaired t-test
Mouth wash 0.6 ns* Unpaired t-test
Flossing 0.2 ns* Unpaired t-test
Fruits 0.8 ns* Unpaired t-test
Note: *ns, nonsignificant.
Abbreviation: RAU, recurrent aphthous ulceration.Advances and Applications in Bioinformatics and Chemistry 2010:3 11
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Figure 2 Network 8 and the weights of its different neurons.
were not, some ANNs constructed in this study and trained on 
the same values could detect a pattern that incriminates some of 
the above-mentioned factors as predisposing factors to RAU.
It is important to notice that statistical tests were per-
formed at a 95% confidence interval. Some researchers 
advocate the use of different confidence intervals when test-
ing statistical significance in certain situations.36
The better performance of ANN in this study over ordinary 
statistics is in agreement with the findings of Kattan.14 The ANN 
software used in this study employed a specialized genetic algo-
rithm for the build-up and optimization of all tested networks; 
however, the performance of the different networks was not 
consistent as accuracy depended on the choice of assumed input 
data (predisposing factors) for any given network.Advances and Applications in Bioinformatics and Chemistry 2010:3 12
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For a neural network estimation of certain values, it is 
common to have a difference between the actual output and 
the estimated values. Hence, for a network output of either 
1 or 2 in this study, the network output is rounded up to the 
nearest number.
It has been noticed that the more the network is trained on 
the supplied set of data, the more accurate it becomes.
As far as the prediction of unknown data is concerned 
and depending on the aforementioned factors, the accuracy 
of the ANNs can be reach 90%. This in itself has a significant 
clinical value.
Gender, hematological and mycological data, tooth brush-
ing, and consumption of fruits and vegetables were the most 
important factors that produced networks with high accuracy. 
However, the elimination of ferritin as a predisposing factor 
did not affect the accuracy of the network. In fact, predic-
tions made with network 8 have a sum of deviation equals 
to zero. This renders network 8 the most accurate network 
in this study (Figure 2).
If trained on more input data and output data from new 
patients in the future, this network may be able to reach 
100% accuracy.
Conclusion
Gender, hematological (without ferritin) and mycological 
data, tooth brushing, and fruits and vegetables consumed 
were found to be related to the occurrence of RAU.
Acknowledgements
We would like to thank the Deanship of Scientific Research/
University of Jordan, Amman, Jordan for providing the 
necessary funds to carry out this study.
We would also like to thank Mrs Dareen Yaseen and 
Mrs Manal Saleh for performing the hematological and 
mycological laboratory tests.
Disclosure
The authors report no conflicts of interest in this work.
References
1.  Koybasi S, Parlak AH, Serin E, Yilmaz F, Serin D. Recurrent aphthous 
stomatitis: investigation of possible etiologic factors. Am J Otolaryngol. 
2006;27:229–232.
2.  Femiano F, Lanza A, Buonaiuto C, et al. Guidelines for diagnosis and 
management of aphthous stomatitis. Pediatr Infect Dis J. 2007;26: 
728–732.
3.  Gonul M, Gul U, Cakmak SK, Kilic A. The role of the diet in patients 
with recurrent aphthous stomatitis. Eur J Dermatol. 2007;17:97–98.
4.  Calderon PE, Valenzuela FA, Carreno LE, Madrid AM. A possible link 
between cow milk and recurrent aphtous stomatitis. J Eur Acad Dermatol 
Venereol. 2008;22:898–899.
  5.  Poddar U, Yachha SK, Krishnani N, Srivastava A. Cow’s milk protein 
allergy: An entity for recognition in developing countries. J Gastroen-
terol Hepatol. 2010;25:178–182.
  6.  Besu I, Jankovic L, Magdu IU, Konic-Ristic A, Raskovic S, Juranic Z. 
Humoral immunity to cow’s milk proteins and gliadin within the etiol-
ogy of recurrent aphthous ulcers? Oral Dis. 2009;15:560–564.
  7.  Nolan A, Lamey PJ, Milligan KA, Forsyth A. Recurrent aphthous ulcer-
ation and food sensitivity. J Oral Pathol Med. 1991;20:473–475.
  8.  O’Farrelly C, O’Mahony C, Graeme-Cook F, Feighery C, McCartan BE, 
Weir DG. Gliadin antibodies identify gluten-sensitive oral ulceration 
in the absence of villous atrophy. J Oral Pathol Med. 1991;20: 
476–478.
  9.  Hay KD, Reade PC. The use of an elimination diet in the treatment of 
recurrent aphthous ulceration of the oral cavity. Oral Surg Oral Med 
Oral Pathol. 1984;57:504–507.
10.  Scully C, Gorsky M, Lozada-Nur F. The diagnosis and management of 
recurrent aphthous stomatitis: a consensus approach. J Am Dent Assoc. 
2003;134:200–207.
11.  Scully C, Porter S. Oral mucosal disease: recurrent aphthous stomatitis. 
Br J Oral Maxillofac Surg. 2008;46:198–206.
12.  Woo SB, Sonis ST. Recurrent aphthous ulcers: a review of diagnosis 
and treatment. J Am Dent Assoc. 1996;127:1202–1213.
13.  Grossman R, Kamath CPK, Kumar V , Namburu R. Data Mining for 
Scientific and Engineering Applications. Dordrecht, The Netherlands: 
Kluwer Academic Publishers; 2001.
14.  Kattan MW. Editorial comment on: development, validation, and 
head-to-head comparison of logistic regression-based nomograms and 
artificial neural network models predicting prostate cancer on initial 
extended biopsy. Eur Urol. 2008;54:611.
15.  Zurada JM. Artificial Neural Systems. New York, NY: West Publishing 
Company; 1992.
16.  Haykin S. Neural Networks: a Comprehensive Foundation. New York, 
NY: Macmillan College Publishing Company; 1994.
17.  Goldberg DE. Genetic Algorithms in Search, Optimization, and Machine 
Learning. New York, NY: Addison-Wesley; 1989.
18.  Pythia, The Neural Network Designer © [computer program]. Carson 
City, NV: Runtime Software; 2000.
19.  Valavanis IK, Mougiakakou SG, Grimaldi KA, Nikita KS. Analysis 
of postprandial lipemia as a Cardiovascular Disease risk factor using 
genetic and clinical information: an Artificial Neural Network perspec-
tive. Conf Proc IEEE Eng Med Biol Soc. 2008:4609–4612.
20.  Colak MC, Colak C, Kocaturk H, Sagiroglu S, Barutcu I. Predicting 
coronary artery disease using different artificial neural network models. 
Anadolu Kardiyol Derg. 2008;8:249–254.
21.  Bartosch-Harlid A, Andersson B, Aho U, Nilsson J, Andersson R. 
Artificial neural networks in pancreatic disease. Br J Surg. 2008;95: 
817–826.
22.  Allison JS, Heo J, Iskandrian AE. Artificial neural network modeling 
of stress single-photon emission computed tomographic imaging for 
detecting extensive coronary artery disease. Am J Cardiol. 2005;95: 
178–181.
23.  Acharya UR, Kannathal N, Ng EY, Min LC, Suri JS. Computer-based 
classification of eye diseases. Conf Proc IEEE Eng Med Biol Soc. 
2006;1:6121–6124.
24.  Campisi G, Di Liberto C, Iacono G, et al. Oral pathology in untreated 
coeliac disease. Aliment Pharmacol Ther. 2007;26:1529–1536.
25.  Mofidi R, Deans C, Duff MD, de Beaux AC, Paterson Brown S. Predic-
tion of survival from carcinoma of oesophagus and oesophago-gastric 
junction following surgical resection using an artificial neural network. 
Eur J Surg Oncol. 2006;32:533–539.
26.  Jerez JM, Franco L, Alba E, et al. Improvement of breast cancer relapse 
prediction in high risk intervals using artificial neural networks. Breast 
Cancer Res Treat. 2005;94:265–272.
27.  Bollschweiler EH, Monig SP, Hensler K, Baldus SE, Maruyama K, 
Holscher AH. Artificial neural network for prediction of lymph node 
metastases in gastric cancer: a phase II diagnostic study. Ann Surg 
Oncol. 2004;11:506–511.Advances and Applications in Bioinformatics and Chemistry 2010:3
Advances and Applications in Bioinformatics and Chemistry
Publish your work in this journal
Submit your manuscript here: http://www.dovepress.com/advances-and-applications-in-bioinformatics-and-chemistry-journal
Advances and Applications in Bioinformatics and Chemistry is an 
international, peer-reviewed open-access journal that publishes articles 
in the following fields: Computational biomodelling; Bioinformatics; 
Computational genomics; Molecular modelling; Protein structure 
modelling and structural genomics; Systems Biology; Computational 
Biochemistry; Computational Biophysics; Chemoinformatics and Drug 
Design; In silico ADME/Tox prediction. The manuscript management 
system is completely online and includes a very quick and fair peer-
review system, which is all easy to use. Visit http://www.dovepress.com/ 
testimonials.php to read real quotes from published authors.
13
Predicting recurrent aphthous ulceration Dovepress
submit your manuscript | www.dovepress.com
Dovepress 
Dovepress
28.  Ahmed FE. Artificial neural networks for diagnosis and survival predic-
tion in colon cancer. Molecular Cancer. 2005;4:29.
29.  Zhu J, Zhu XD, Liang SX, et al. Prediction of radiation induced liver 
disease using artificial neural networks. Jpn J Clin Oncol. 2006;36: 
783–788.
30.  Speight PM, Elliott AE, Jullien JA, Downer MC, Zakzrewska JM. The 
use of artificial intelligence to identify people at risk of oral cancer and 
precancer. Br Dent J. 1995;179:382–387.
31.  van Staveren HJ, van Veen RL, Speelman OC, Witjes MJ, Star WM, 
Roodenburg JL. Classification of clinical autofluorescence spectra of 
oral leukoplakia using an artificial neural network: a pilot study. Oral 
Oncol. 2000;36:286–293.
32.  Wang CY, Tsai T, Chen HM, Chen CT, Chiang CP. PLS-ANN based 
classification model for oral submucous fibrosis and oral carcinogenesis. 
Lasers Surg Med. 2003;32:318–326.
33.  Paul RR, Mukherjee A, Dutta PK, et al. A novel wavelet neural network 
based pathological stage detection technique for an oral precancerous 
condition. J Clin Pathol. 2005;58:932–938.
34.  Nayak GS, Kamath S, Pai KM, et al. Principal component analysis and 
artificial neural network analysis of oral tissue fluorescence spectra: 
classification of normal premalignant and malignant pathological 
conditions. Biopolymers. 2006;82:152–166.
35.  Kan CW, Jiang BC, Nieman LT, Sokolov K, Markey MK. Comparison 
of linear and non-linear classifiers for oral cancer screening by optical 
spectroscopy. AMIA Annu Symp Proc. 2007:1003.
36.  Akobeng AK. Confidence intervals and p-values in clinical decision 
making. Acta Paediatr. 2008;97:1004–1007.